Intralocus sexual conflicts arise whenever the fitness optima for a trait expressed in both males and females differ between the sexes and shared genetic architecture constrains the sexes from evolving independently towards their respective optima. Such sexual conflicts are commonplace in nature, yet their long-term evolutionary consequences remain unexplored. Using a Bayesian phylogenetic comparative framework, we studied the macroevolutionary dynamics of intersexual trait integration in stalk-eyed flies (Diopsidae) spanning a time frame of more than 25 Myr. We report that increased intensity of sexual selection on male eyestalks is associated with reduced intersexual eyestalk integration, as well as sex-specific rates of eyestalk evolution. Despite this, lineages where males have been under strong sexual selection for millions of years still exhibit high levels of intersexual trait integration. This low level of decoupling between the sexes may indicate that exaggerated female eyestalks are in fact adaptive-or alternatively, that there are strong constraints on reducing trait integration between the sexes. Future work should seek to clarify the relative roles of constraints and selection in contributing to the varying levels of intersexual trait integration in stalk-eyed flies, and in this way clarify whether sexual conflicts can act as constraints on adaptive evolution even on macroevolutionary time scales.
Introduction
Shared genetic architecture between the sexes causes integrated trait evolution-that is, the direction and rate of change of an evolvable trait become strongly correlated between males and females within a species. The resulting lack of evolutionary independence sets the stage for sexual conflict whenever the sexes experience contrasting selection [1] [2] [3] [4] [5] [6] . As the evolutionary interests of males and females are rarely identical [6] [7] [8] [9] [10] and the vast majority of genes are not sex-limited [6, 11] , intralocus sexual conflict is potentially pervasive among sexually reproducing organisms. Ultimately, this tug-of-war favours the evolution of sex-specific trait expression, but because this may be costly as well as slow to evolve due to pleiotropy and epistasis, the adaptive evolution of either sex can be hampered by antagonistic selection in the other sex [3 -6] . While intralocus sexual conflicts occur in a wide range of taxa in nature [4,12 -16] , their long-term evolutionary implications remain unexplored.
Results and discussion
We investigated how sexual conflict plays out in the macroevolutionary theatre by using a phylogenetic comparative framework [17] to study the evolution of intersexual trait integration. Focusing on intralocus sexual conflict over a sexually selected trait, we explored how the strength of sexual selection on males affects the integration of the sexually selected trait between the sexes. We predicted that increasing intensity of sexual selection on males will result in reduced intersexual trait integration, thus allowing males and females to evolve more independently. The rationale for this is that exaggerated sexually selected traits are costly-a cost that is borne by both sexes if there is strong intersexual trait integration, whereas the benefit is disproportionately handed to males. If sexual selection is weak, there will be a low cost of these traits, and proportionally weak selection for decoupling male and female trait expression. If there is strong sexual selection, however, the cost-to-benefit ratio will remain similar for males, but because females then will incur relatively higher costs, there will likely be stronger selection in both sexes to reduce the coupling between the male and female trait. To test this hypothesis, we studied sexual conflict over (log) length of eye span in diopsid stalk-eyed flies along a phylogeny spanning more than 25 Myr.
Stalk-eyed flies (Diopsidae) are famous for their eyestalks, with eye span sometimes even exceeding body length [18] [19] [20] . Thought to have originally evolved as an adaptation for increased peripheral vision [21] , the high sensitivity of eyestalks to environmental conditions preadapted them for a role in sexual selection by honestly signalling individual quality [19] . Despite their associated costs, which include reduction in the ability to quickly process visual signals [22] and limited aerial ability [23] , exaggerated eyestalks are beneficial for males because of female preference, and because of their utilization as weapons in male-male competition for access to females [24, 25] . However, for females, who also possess eyestalks, this trait is thought to be costly ( [22, 26] , but see [27] ). Experimental work has shown that selection on male eyestalks leads to an evolutionary response in female eyestalks [28] , hence demonstrating the existence of an intersexual genetic correlation for the trait. There is considerable variation in eyestalks, both within and between sexes, and species range from being sexually monomorphic to highly dimorphic. The set of monomorphic species includes both short-and long-stalked species [24, 25] (electronic supplementary material, figure S1a and S1b).
To test whether the degree of intersexual trait integration is associated with the intensity of sexual selection on rsbl.royalsocietypublishing.org Biol. Lett. 14: 20180186 males, we compiled existing genetic [29] and phenotypic data [24, 25] for 30 species of stalk-eyed flies (see the electronic supplementary material). We then reconstructed their phylogenetic relationships [30] and categorized species into regimes of weak or strong sexual selection on male eyestalks (electronic supplementary material, figure S1a), using male within-species (static) allometric slope for regime categorization. We used male relative investment in eyestalks as proxy for the intensity of sexual selection as there exists no independent measure of the intensity of sexual selection in this system. While this is a common approach that allows standardized comparisons across taxa, we acknowledge the limitations associated with it, namely that variation in male allometric slopes reflects trade-offs in resource allocation, and direct and indirect sexual and viability selection on both trait size and body size-not only variation in the intensity of sexual selection [31] . In essence, species in which the increase in eyestalk length per unit investment in log body size for males was above a certain threshold were deemed as exhibiting strong sexual selection on male eyestalks. The threshold value was chosen as the value that maximized the likelihood for the transition rate model given the data; the two regimes (weak and strong sexual selection) were mapped onto the phylogeny and transition rates between the regimes in both directions were estimated using an unconstrained 'all rates different' model [32] . After finding the most likely threshold value (male allometric slope ¼ 1.35), we performed 100 stochastic mapping simulations to take into account the uncertainty associated with ancestral state reconstruction in later analyses. Finally, we estimated the rates of evolution of male and female eyestalks within each regime as well as the evolutionary correlation between male and female eyestalks within each regime using a Bayesian two-dimensional Brownian motion model of evolution that estimates both rates and evolutionary correlations between traits across regimes on a phylogeny [17] (see the electronic supplementary material).
Our findings are consistent with the hypothesis that the intensity of sexual selection on males is related to conflict resolution: Not surprisingly, males under strong sexual selection evolve faster than males under weak sexual selection (figure 1), but more importantly, the intersexual correlation for eyestalks is reduced in species where males are under strong sexual selection (figure 2). Hence, in lineages where there is strong sexual selection on males, the traits are less genetically coupled between the sexes and a change in the male trait will lead to a smaller change in the female trait compared with the situation in species where males are under weak sexual selection (figure 2). In accordance with this, we find that males exhibit higher rates of evolution than females in species where males are under strong sexual selection (figure 1). Given our hypothesis of conflict attenuation, this is expected as both sexes are then freer to evolve towards their respective optima; males will hence track ever-changing sexual selection optima while females are expected to evolve towards more stable natural selection optima.
Intriguingly, intersexual integration remains high even in species that have experienced strong sexual selection on male eyestalks for millions of years. This low level of decoupling may indicate (i) that females have evolved phenotypic compensations for carrying exaggerated traits [26] shifting their phenotypic optima in the direction of larger eyestalks, (ii) that female eyestalks are themselves under direct sexual selection by male mate choice [27] or (iii) that varying levels of natural selection drive some of the variation in intersexual eyestalk integration. Alternatively, the low level of decoupling may indicate (iv) that the process of reducing trait integration between the sexes is slow in this system, and that sexual conflicts may act as a constraint on adaptive evolution, even on macroevolutionary time scales. As the data to distinguish between these competing explanations are currently lacking, future work should capitalize on the results reported here and seek to clarify the relative roles of constraints and selection in contributing to varying levels of intersexual trait integration.
Data accessibility. The phenotypic data reported in this paper have previously been published in [24, 25] and are tabulated in the electronic supplementary material. The R code and input files used for the analyses presented in the paper have been uploaded as part of the Electronic Supplementary Material. The genetic data can be found at GenBank with accession numbers given in table 1 in [29] .
